Spherical Basis Functions

3D Soundfield Sampling and Beamforming
• Sampling: the soundfield on the spherical surface is sampled continuously in ideal case, or discretely in practice.
• Beamforming (Spatial Filtering): the samples are weighted and combined smartly to keep the sound from desired directions, but suppress the sounds from all other directions. • Beampattern (Spatial Response): the 3D response for unit magnitude plane wave from all directions. In ideal case, it is a delta function. In practice, it is a truncated version of its spherical harmonics expansion (the regular beampattern).
Principle of Spherical Beamformer (Orthogonal Decomposition)
Assigning the weight at each point:
Using orthonormality of spherical harmonics:
Output is:
The directional gain of the plane wave
For example, the ideal beampattern looking at
Principle of Spherical Beamformer
can be expanded into:
So the weight for each point is:
In practice, with discrete spatial sampling, this is an finite number N.
N=5
Quadrature
• A quadrature formula provides layout and weights to obtain the integral.
• In spherical beamformer, this is a quadrature problem w.r.t. orthonormalities of spherical harmonics. Advantage and Disadvantage
• Advantage:
-They achieve accurate quadrature results.
• Disadvantages:
-They are only for strictly band-limited functions. -S is still large considering our quadrature function is the multiplication of two bandlimited functions. This means that to achieve a beampattern of order 5 we need at least 144 microphones.
• The most straightforward adaptation to the practical design is to position microphones "uniformly" so that we wish the following relations hold up to order N: 
